Abstract. Ready-made meals have gained attention due to saving additional time, which can be spent with family; even better if they do not contain preservatives. At the moment such combination can be obtained using sterilization. The aim of the research was to evaluate and compare currently used processing parameters and packaging solutions to alternative options in order to improve the quality of two commercially-prepared instant soups. A total of seven sterilization, preparation method and packaging combinations were tested for yellow pea soup and fresh cabbage borsch. Such parameters as water activity, pH, aroma volatiles, colour, density of soups and hardness of vegetable pieces, in addition to sensory evaluation by experts were analysed. The results show that it is possible to shorten sterilization cycle up to two times by replacing glass jars with flexible multilayer doypacks, which would have a potential economic benefit by significantly decreasing energy consumption during production. Correct sterilization parameters can retain more intense colour and higher sum of aroma volatiles in addition to excellent sensory quality of both borsch and pea soup. In order to obtain reduced energy consumption and very good quality for both soups the recommended processing parameters are: cold preparation method, doypack packaging and sterilization at 116 ºC temperature.
Introduction
Modern lifestyle and the fast pace of living has led to an increased consumption of convenience foods, as consumers choose to spend most of their free time with family than preparing timeconsuming meals from scratch [1] [2] . Consumers prefer ready-made (ready-to-eat, ready-to-heat) meals with an adequate shelf life, free from preservatives.
In order to ensure shelf-stable food quality, the chosen thermal processing and packaging solutions play an important role. Shelf-stable liquid or semi-liquid foods undergo processing that produce "commercially sterile" products, therefore, under normal conditions during the food chain these foods will not spoil or be hazardous for the consumer's health [3] , as food is rendered free of viable microorganisms and their spores. Therefore, to ensure commercial sterility of low acid canned food (pH > 4.6, a w > 0.85), a 12-D process (botulinum cook) is required [4] ; it is equal to processing at 121 °C for at least 2.4 minutes. This temperature cannot be reached in the centre of the packaging immediately, therefore optimal heat treatment time and temperature combination is measured using Fvalue (F o ); for reduction of Clostridium botulinum spores, the most heat-resistant pathogen, the minimum F-value is 2.52 [5] .
Processing at high temperatures (60 to 100 ºC) for a few hours has been a traditional way to improve food flavour and other sensory properties and extend its shelf life [6] , yet, prolonged heating can have a detrimental effect on food quality, including off flavours, bitter and rancid taste, unpleasant colour and texture [7] . Therefore, packaging can have the key role in maintaining food quality during thermal processing, as packaging materials have different heat transfer coefficients and the same processing conditions can result in undercooked or overcooked food [8] .
Traditionally, glass jar and metal containers have been used to package shelf-stable foods, yet, nowadays, processing in flexible packaging has become one of the leading processing technologies that ensures long-term storage of products at room temperature, including packaging solutions for military purposes [9] . In addition, flexible films provide faster heat transfer to the product compared to glass and metal, thus reducing energy consumption during the technological process [10] [11] .
Soup is a substantial part of the daily diet for countries in the Northern hemisphere, and at the moment there are several types of commercially-prepared instant soups in the market. The study was conducted to compare whether currently used processing parameters and packaging solutions result in commercially-prepared instant soups of adequate quality or an alternative should be introduced.
Materials and methods
Experimental design. Pilot scale sterilisation and determination of product physical, chemical and sensory properties study was conducted at laboratories of the Faculty of Food Technology, Latvia University of Life Sciences and Technologies, whereas production scale sterilization was carried out at the facilities of the food manufacturer Kronis Ltd.
Soup preparation. Two instant soup types were studied in this research: yellow pea soup (yellow peas 27 %, potato 20 %, pearl barley 8 %, carrot 7 %, onion 6 %, canola oil 5 %, salt 1.8 %, sodium glutamate 0.8 %, wheat flour 0.7 %, dried dill 0.025 %, dried parsley 0.025 %, water 30 %) and fresh cabbage borsch (beet 45 %, fresh cabbage 10.8 %, onion 8 %, carrot 8 %, potato 6.8 %, tomato paste 6.4 %, canola oil 4 %, salt 1.8 %, wheat flour 0.9 %, sugar 0.9 %, citric acid 0.9 %, sodium glutamate 0.7 %, black pepper 0.045 %, water 14.4 %). All vegetables were cut into 5 × 5 mm pieces; carrot and onion were cooked together with oil and seasonings for 5 min, the rest of dry ingredients and water were added to form soup concentrate. Soups were prepared using two methods. The cold method consisted of mixing previously cooked ingredients with dry peas and barley / fresh cut beet and filling soup concentrate in appropriate packaging; the soup concentrate temperature was 20 ± 2 ºC. Whereas, the hot preparation method consisted of soaking peas and barley separately for 12 hours at 20 ± 2 ºC temperature, and cooking all mixed ingredients for additional 5 min before filling, temperature of the soup concentrate was 70 ± 2 ºC.
Soups were filled in traditional glass jars (III-82-500, 500 ml) and doypacks (PET/ALU/PA/CPP, 134 µm, 240×140 mm, IMMER Ukrplastic Ltd.), volume of soups per package -500 ml. Each package was hermetically closed and subjected to sterilisation.
Sterilisation treatments. Sterilisation was carried out in 2 stages (Table 1) . Preliminary study was conducted at the Faculty of Food Technology using a pilot autoclave HST 50/100 (ZIRBUS Technology GmbH, Germany). The experiment was then upscaled and conducted in the WSA 113 autoclave (SPOMASZ Pleszew S.A., Poland) at Kronis Ltd. production facilities. During the first stage, four soup samples were sterilised in order to assess the effect of the preparation method and packaging on the quality of commercially-prepared instant soups. The second stage of the experiment was carried out to evaluate the effect of the sterilisation temperature on the quality of soups by comparing the sample with the highest quality from the first stage and three additional samples. F 0 value of each soup sample was 3.3 ± 0.5.
Quality analysis. Each package of instant soups was puréed using a hand-held blender (Braun MQ 3025, Braun GmbH, Germany) to analyse water activity, colour, pH and aroma volatiles. Water activity (a w ) was measured using LabSwift-a w water activity meter (Novasina AG, Switzerland) in triplicate.
For pH value determination, each puréed instant soup sample as filled in a 50 ml glass beaker and pH was measured at ambient temperature using Jenway 3520 pH meter (Barloworld Scientific Ltd, UK) in triplicate.
Volatiles from soups were extracted using solid phase microextraction (SPME). 5 g of sample were weighed in a 20 ml headspace vial and capped with a septum. A Carboxen/Polydimethylsiloxane (Car/PDMS) fiber (Supelco Inc., Bellefonte, PA, USA) was used for headspace SPME sampling with the following parameters: incubation time 15 min, extraction duration 15 min, incubation and extraction temperature 60 ± 1 ºC, desorption 15 min at 250 ºC. For the analysis of SPME extracts, a Perkin Elmer Clarus 500 GC/MS and an Elite-Wax ETR (60 m × 0.25 mm i.d.; DF 0.25 µm) was used. The working conditions were as follows: injector 250 ºC; transfer line to MSD 260 ºC; initial oven temperature 40 ºC, hold 7 min, ramped up from 40 to 160 ºC at 6 ºC min -1 , hold 10 min, and from 160 to 210 ºC at 10 ºC min -1 , hold 15 min; carrier gas (He) 1 ml·min -1 ; split ratio 2:1; ionization EI + ; acquisition parameters in full scan mode -scanned m/z 40-300. Compounds were identified by comparison of their mass spectra with mass spectral libraries (Nist98), and by calculation of linear retention indexes and comparison with literature data. All analyses were performed in triplicate. As a quantitative measure, the share in the total GC peak area (PAU) for each compound is given.
Colour components of instant soups in CIE L*a*b* colour system were determined instrumentally with a handheld colour instrument Colour Tec PCM/PSM (Accuracy Microsensors Inc., USA). Pureed soup was placed in a Petri dish (Ø 50 mm) on a white paper and colour was measured in tenfold repetition at different spots through the lid. The influence of the sterilization parameters on soup colour was assessed as the total colour difference (∆E*), it was calculated according to the following equation [12] :
where ∆E * -total colour difference; L * , a * and b * -colour values of tested soups; L 0 *, a 0 * and b 0 * -colour values of soup samples already on the market.
The differences in perceivable colour (∆E * ) were classified as not noticeable (0-0.5), slightly noticeable (0.5-1.5), noticeable (1.5-3.0), well visible (3.0-6.0), and great (6.0-12.0) [13; 14] . In addition, ∆E * value of 2.8 was considered as the colour difference threshold for untrained panellists and consumers [15] .
Texture of instant soups was measured instrumentally using TA.XTplus Texture Analyser (Stable Micro Systems, UK) with ten-fold repetition and the data were processed with Texture Exponent 32. Testing of the whole sample was carried out by opening the jar or doypack and positioning it under the probe. Density of the sample in packaging (expressed as hardness in N) was measured using the following parameters: multiple puncture probe, pre-test speed 10 mm·s -1 , test speed 2 mm·s -1 , target mode -distance 70 mm, trigger force 0.29 N. In order to test vegetable and grain pieces, soup was mixed with boiling water (1:1) and left to sit for 3 min. Then pieces were separated from water by straining and placed on a Petri dish. Necessary bite force of product pieces (expressed as hardness in N) was measured using the following compression test parameters: stainless cylinder Ø 2 mm, pre-test speed 1.5 mm·s -1 , test speed 0.5 mm·s -1 , target mode -distance 2 mm, trigger force 0.049 N.
Sensory evaluation of instant soups was conducted by five experts (60 % women and 40 % men, average age 34 years). Evaluation forms were prepared prior to the sensory evaluation, based on the experts' shared understanding about the characteristics of the product (ISO 8586:2012). Sensory quality of instant soups was evaluated using descriptive methods (Table 2 ) and the assessment of such sensory parameters as the overall appearance, flavour, hardness of pieces, colour of broth and colour of beet, pea and potato pieces was completed by consensus of all selected experts. Each sensory parameter was assessed within a scale of 3 (very good quality) to 1 (unsatisfactory quality) and given a quality number (QN). The quality number was calculated by the following equation [16] :
where OA -overall appearance; F -flavour; H -hardness of pieces; C -colour of broth; CP -colour of beet, pea and potato pieces.
Sensory quality of instant soups was classified as follows: 3.00-2.70 very good quality, 2.69-2.20 average quality (noticeable deviations), 2.19-1.00 unsatisfactory quality (significant deviations).
In order to test sensory quality, each soup was mixed with boiling water (1:1) in a 1 litre pot and cooked for 3 min (as per instructions on soup label). Each expert received an evaluation form, 100 ml glass beakers with coded samples, unflavoured crackers and warm tea without sugar (to clear the palate between samples). Additionally, 50 ml glass beakers were filled only with soup broth, whereas soup solids were placed on a Petri dish (Ø 90 mm) to give a better view on the colour of separate soup fractions. Statistical analysis. Data processing was performed with mathematical and statistical software R 3.0.2 and MS Office Excel v16. The results were given as the mean or the mean ±SD. The differences were compared using one-way ANOVA and Tukey's test. The differences were considered significant at p < 0.05.
Results and discussion
Quality changes depending on preparation method and packaging. Effect of sterilization parameters on the quality of commercially-prepared instant soups was evaluated in 2 stages. Stage I of the experiments was conducted to evaluate the sterilisation effect on fresh cabbage borsch and yellow pea soup, based on the chosen preparation method (hot or cold) and packaging. A total of four samples per each soup type were studied ( Table 1 ).
The results show that the applied preparation method (hot or cold) and packaging materials had an insignificant effect on pH of both borsch (4.621 ± 0.031) and pea soup (5.702 ± 0.115); water activity was also unaffected for both soups (0.973 ± 0.001 in borsch, 0.981 ± 0.001 in pea soup) (p > 0.05).
With regards to colour of commercially-prepared instant soups, significant differences among colour parameters were found for borsch and pea soup (Table 3) . Soup samples A represent soups currently on the market and were therefore regarded as control samples to calculate the total colour difference (∆E value). The results of instrumentally determined colour components showed that borsch samples in doypack (C, D) had a more intense red colour (higher a value), less intense yellow hue (b value) and a slightly darker tone (L value) (p < 0.05). These samples had a noticeable change in colour (1.5-3.0) as found by [14] , yet, the colour was retained better. Contrary to the results of borsch, significant differences in all colour components were found for pea soup in a glass jar, prepared using the cold method (Table 3) . Sample B was significantly darker, had a less green and yellow hue (p < 0.05) and well visible changes in colour (3.0 < ∆E < 6.0) as described by [14] . Based on the initial product temperature and heat transfer of glass, sample B was processed for a longer time in order to achieve F 0 value of 3.3 ± 0.5, which negatively affected its colour. Faster heat transfer of flexible packaging is characterised by sterilisation with minimal overcooking and a higher retention of heat labile compounds, including colour [17] .
The force necessary to puncture soup samples in packaging characterises the density of the whole sample and indicates the difficulty for consumers to remove the sample from the packaging (Table 4) . Both cold and hot preparation method for borsch in glass jars produced a significantly denser sample (p < 0.05), therefore, additional utensils (such as spoon or fork) must be used to remove soup from jars. Samples from doypacks can be easily squeezed out by hands. Density of pea soup samples showed even more pronounced differences, soups in glass jars were approx. 3 times denser than the soups in doypacks (p < 0.05); it is impossible to remove pea soup from jars without a spoon or a fork, therefore, interfering with ergonomic functionality of packaging [18] . This is due to partially or fully gelatinized starch from vegetables and wheat flour during prolonged cooking [19] .
Based on the necessary bite force of product pieces (Table 4 ), the results demonstrate that the cold preparation method for borsch in glass jars produces significantly harder beet pieces than other preparation methods and packaging conditions (p < 0.05). With regards to pea soup, both pea and barley pieces showed a similar trend, significantly harder samples were found in both packaging materials using the cold preparation method (p < 0.05); contrary to under-or overcooking, an al dente version of vegetables is desirable.
The results of aroma volatile evaluation showed that borsch had a more diverse aroma volatile profile compared to pea soup, including approx. two times higher sum of peak areas (Fig. 1.) Sample A (glass jar, hot preparation method) of both type soups contained a higher sum of volatile compounds; it was comparable for borsch sample D (p > 0.05). Volatile compounds found in the highest concentration in all borsch samples were ethyl acetate, caryophyllene, dimethyl trisulfide and decanoic acid ethyl ester, which form fruity and sweet, woody and spicy, cooked onion and savoury, and waxy and oily odours [20] , respectively. Both borsch samples in glass jars had a significant amount of benzaldehyde (3.345 PAU × 10 6 ), which gives a burnt sugar odour. Similarly, in all pea soup samples dominating volatile compounds were ethyl acetate, ethyl alcohol, dipropyl disulphide, which form fruity and sweet, floral, and alliaceous (garlic, onion) odours, respectively. Sample A had a significant amount of allyl isothiocyanate (1.987 PAU × 10 6 ), forming a strong and pungent odour; it was found in 50 % lower amounts in samples B and D (cold preparation method).
Sensory parameters are equally important, as based on negative sensory experiences consumers often forgo purchases in future [1;21] . According to the defined sensory parameters for commercially prepared instant soups (Table 5 ), the opinion of the experts is summarised in the table. These results suggest that the quality of borsch sample A (glass jar, hot preparation method, representing soups currently on the market) was average. The application of cold preparation and different packaging material can improve the quality of fresh cabbage borsch. Beet pieces of soup sample A had an orange hue and were too soft when chewed (also shown by texture analysis, Table 4), the broth was light red and too thick when stirred. Samples B and C were off colour, regarding both the colour of broth and beet pieces, while still maintaining very good quality. Sample D had no quality deviations. Contrary to borsch, sensory quality of pea soup samples varied considerably (Table 5 ). Samples A (glass jar, hot preparation method, representing soups currently on the market) and C (doypack, hot preparation method) were of average quality, having overly tender pea pieces and less pronounced flavour. Pea soup in glass jar prepared using the cold method (sample B) was non-appetizing, with little flavour and aroma, the broth was slightly watery, which indicated unsatisfactory quality.
According to the research of Shah et al. (2017) , flexible packaging has a considerably thinner profile and a larger surface area in relation to volume, which reduces the processing time by 30-50 %, therefore, thermal treatment in flexible packaging improves the sensory properties of the product, in addition to reducing energy consumption [22] . This can be clearly observed by the sensory evaluation data of pea soup.
Based on the results of the first stage of the experiments, the best quality soups were obtained using the cold preparation method and doypack packaging. Quality changes depending on sterilization parameters. Stage II of the experiments was carried out to assess the influence of different sterilisation regimes on the quality of fresh cabbage borsch and yellow pea soup in doypack packaging (Table 1 ). An insignificant effect of sterilisation temperature on water activity and pH of both soups was found. Borsch had a pH of 4.530 ± 0.080, while pH of pea soup was slightly higher -5.734 ± 0.062, water activity was 0.976 ± 0.002 and 0.980 ± 0.001, respectively.
Inadequate thermal treatment can cause significant colour changes of products when over processing, as most colour compounds are heat labile [23] . Compared to the commercial borsch (sample A), the least colour changes were found in sample D, which had the sterilisation temperature of 116 ºC (Table 6 ). Lower and higher processing temperatures gave borsch a significantly higher yellowness and lower redness, thus, showing that betalains were degraded [24] . Processing at 111 ºC and 131 ºC had a similar influence on the total colour difference, exceeding the threshold for great (6.0-12.0) changes in colour. Increased colour degradation has previously been associated with heat processing [23; 25] . Processing at 121 ºC showed the least changes compared to sterilisation at 116 ºC.
With regards to the colour of pea soup, the differences were not so profound as for borsch (Table 6 ). Samples D (116 ºC) and F (121 ºC) had a lower total colour difference, which is characterised as slightly noticeable (0.5-1.5) [14] . Several authors have reported the correlation between consumers' acceptability and total colour difference [15; 26] . ∆E * value of 2.8 has been reported as the colour difference threshold for untrained panellists and consumers [15] , thus suggesting that processing at 116 ºC is the optimal temperature for borsch and treatment at 131 ºC is the least suitable temperature for pea soup, according to the colour changes after sterilization. It has been also shown that food colour modulates consumers' motivation to eat [27] , therefore, significant colour deviations can have a negative effect on consumer habits and food acceptability.
Based on the results of the puncture test of the whole sample in packaging (Table 7) , it can be concluded that processing at 111 ºC is less suitable for borsch and sterilization at 131 ºC is the least suitable for pea soup. However, contrary to the previous data (comparison of preparation methods and packaging, Table 4 ), these results are not that dispersed. With regards to the necessary bite force of product pieces (Table 7) , processing at 121 ºC maintained harder beet pieces for borsch, and pea and barley pieces for pea soup compared to other sterilisation temperatures (p < 0.05). Lower and higher processing temperature had a significant influence on the total aroma volatile peak area sums for both soups (Fig. 2) . Sterilization at 116 ºC was able to ensure the highest retention of aroma volatiles, which give characteristic aroma notes in borsch; a similar effect was observed for pea soup processed at 116 ºC and 121 ºC. Previous research has shown that higher processing temperatures and increased processing time reduce the amount of aroma volatiles in food and it is responsible for significant aroma changes [28] [29] . It was possible to successfully identify the most and least suitable sterilization parameters based on sensory evaluation (Table 8 ). The only acceptable processing treatment in order to obtain very good quality borsch was sterilization at 116 ºC (sample D). Processing at lower and higher temperatures had a detrimental effect and borsch samples were of unsatisfactory quality: experts found non-appetizing broth colour, bitter taste and aftertaste, and overcooked vegetable pieces. There were two temperature regimes -116 ºC and 121 ºC -suitable to process pea soup (Table 8) . Similar to borsch, sterilization at 131 ºC (sample G) had an adverse effect on sensory quality of pea soup; it had overcooked pea and potato, the broth was very thick, experts noticed inadequate aroma and unpleasant taste. Sample E (processed at 111 ºC) was of average quality with such deviations as darker colour and overly tender pea and potato pieces.
Considering that colour compounds are sensitive to a number of conditions such as pH variation, oxidation, hydration, heat treatment and, most importantly, exposure to daylight [24] , storage conditions have a significant impact on the optimal packaging for both types of soups. As it is very unlikely that glass jars will be kept on grocery store shelves in cardboard boxes (illuminance measured inside a cardboard box gives the value of 0 lx), the suggested option at daylight conditions (400-1000 lx) is multilayer doypack packaging with aluminium layer, which is able to block over 99 % of light [30] , in order to maintain quality during the shelf-life.
Conclusions

1.
The cold preparation method and packaging in doypack is optimal to improve the quality of pea soup. 2. The quality of borsch can be improved using the cold or hot preparation method in doypack, or the cold preparation method in glass jars, however, during long-term storage quality deterioration in glass jars is expected due to daylight exposure. 3. Sterilization at 116 ºC is optimal for borsch as lower and higher temperatures significantly affect its quality, whereas for pea soup two temperature regimes are suitable -116 ºC and 121 ºC. 4. Combination of reduced energy consumption and very good quality of both soup types can be obtained using the cold preparation method and doypack packaging with sterilization at 116 ºC temperature.
